Biomass is one of the most easily available Renewable Energy Sources (RES) which can be converted into some useful forms of energy through different processes; among them the gasification technology is a particularly efficient method. Each biomass, has to be analyzed in order to find out if it is suitable for a specific conversion.
Introduction
Energy plays a fundamental role in the social and economic development of the society and guarantees the constant growing of the welfare. Due to the recent developing technologies Renewable energy sources (RES), become more appealing in order to face both the global warming and the increasing energy demand. Among RES, the biomass represents one of the most common and suitable solution [1] .
Biomass can obtained from different sources: energy crops (e.g. Short Rotation Forestry), forest wastes or residual substances coming from pruning or household / agroindustry organic wastes [2] .
Biomass energy use is an important tool to decrease the dependence on fossil fuels in civil and industrial sector. Moreover it contributes to reduce greenhouse gases (GHG) emission (e.g. CO2) [3, 4, 5] .
The cycle from biomass and fossil fuel to energy can be shortly represented as follows: biomass consumes CO2 through photosynthesis, which is the process used by plants and other organisms to capture sun's energy. The solar energy is stored in the chemical bonds of their structural components. When this energy is extracted from the chemical bonds, CO2 is consequently made available to produce new biomass: the process is cyclical. Burning fossil fuels exploits old biomass (whose conversion took millions of years), so that through the combustion new CO2 is generated, increasing the greenhouse effect. In contrast, burning new biomass does not add new CO2 since replanting pruned biomass permits carbon dioxide to be absorbed and returned cyclically [6, 7] .
Because of the above-mentioned situation, biomass can be seen as a neutral fuel: the amount of CO2 produced by the combustion is the same as the one absorbed during the whole life cycle of plants [8] . Furthermore, during the conversion of biomass into energy, it is possible to reduce the emissions of Polycyclic Aromatic Hydrocarbons (PAHs) and CO2 by varying some parameters of conversion technologies (such as amount of O2 or process temperature) [9] .
Since biomass comes from a photosynthetic mechanism, there is a lower nitrogen and sulfur content. Its use thus generates low emissions of NOx and SOx
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6623 [10] . The emission of NOx can be further reduced by modifying some parameters of the process such as, for example, the residence time [11] .
Therefore, biomass has a small content of pollutants and ashes, despite the possible variations of some chemical components and moisture [12] .
There is another significant advantage in the use of residual biomass: since it is available in large amount and in many different areas and environments, it increases the economic value of wastes and, at the same time, reduces the environmental impact of waste disposal [13, 14, 15, 16] .
Biomass for energy production is used in many ways: electricity production, heating, vehicles fuel production. Reduction in the use of fossil fuels implies a greater advantage: the reduction of oil imports [17] .This source produces social and economic benefits, job opportunities and with an appropriate investment policy growth in rural areas at all countries and is therefore a reason of growth in developing countries [18, 34, 35, 36, 37] .
Nowadays the use of RES is a significant task in Italy too. Actually primary energy consumption was 187 785 Mtoe in 2010, +4.1 % if compared with 2009 (Bilancio Energetico Nazionale, Ministero dello Sviluppo Economico, 2011). The biomass energy is increasingly used in order to face the global warming: in fact the installed capacity of biomass plants reached 2 351 MW in 2010, 16.5% more than 2009, and represented the 8% of the total power generated by RES (GSE, Rapporto statistico 2010, 2011).
The Italian Government implemented the European Directive 2009/28/CE with a specific law (D.Lgs. n. 28, 3 March 2011) which requires to equip new buildings with RES plants: this is to cover 50% of the domestic hot water needs, and 20-50% of the consumption for heating and cooling (depending on the year at building permit).
As for biomass, the Italian law (D.Lgs. n. 205, 3 december 2010) excludes the natural agricultural and forest residues from the legislation on wastes, then from the usual disposal procedure (regulated by D.Lgs. n. 152, 3 april 2006), if these wastes are used in biomass plant for energy production. Thus two advanteges come from the energetic use of biomass: to eliminate waste and to produce energy.
In Italy there are many agricultural residues, the following data were recently collected [19] 
Biomass energy conversion processes: gasification technology
Biomass is converted into energy in various ways, according to the form (type and characteristics of biomass) and the target (production of electricity, heat, fuels) etc.
In particular, there are mainly three types of processes [21, 22] :  bio-chemical conversion processes;  mechanical extraction processes (e.g. for the production of biodiesel);  thermo-chemical conversion processes.
The biochemical conversion processes include anaerobic digestion and fermentation. Anaerobic digestion is based on the transformation of organic matter, using some suitable bacteria, in anaerobic environment, producing biogas, consisting essentially of CH4 (40-70%) and CO2, with some residual of other gases, used for the production of electric energy. The alcoholic fermentation is a process to produce ethanol from sugar crops, starchy, and more recently lignocellulosic [23] .
The mechanical extraction is a process used to produce oil from seeds of various crops, such as oil seed crops (for example sunflower, rapeseed, etc.). Then through transesterification processes, it is possible to produce biodiesel.
The thermochemical conversion processes include direct combustion, pyrolysis and gasification. The best known method is the combustion process and consists of burning biomass (fuel) in air (oxidant) to produce heat and / or electricity [24] .The pyrolysis process consists in the thermal destruction of the biomass in absence of oxygen or air, which converts the biomass into solid substances (coal), liquid (bio-oil) and gas (fuel gas) [25] .
In this study we focus on the gasification process. By the term "gasification", it is usually meant the process that allows the conversion of biomass into a fuel gas (syngas) through the partial oxidation of the biomass at high temperature (800-900°C). The obtained gas is simpler and more versatile to use than the initial biomass.
Gasification takes place with the following reactions [26] :  Partial oxidation C + 1/2 O2 ↔ CO ΔH = -268 MJ/kg mole  Complete oxidation C + O2 ↔ CO2 ΔH = -406 MJ/kg mole  Water gas reaction C + H2O ↔ CO + H2 ΔH = +118 MJ/kg mole In all data from heat reaction (positive for endothermic reactions and negative
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for exothermic), we can observe that the largest energy release derives from the complete oxidation of the carbon in CO2, while the partial oxidation of carbon to CO releases energy approximately at the 65% of complete oxidation. During the process, CO and H2 may undergo further reactions.
-Water gas shift reaction CO + H2O ↔ CO2 + H2 ΔH = -42 MJ/kg mole -Methane formation CO + 3H2 ↔ CH4 + H2O ΔH = -88 MJ/kg mole The gas produced by the gasification process is a mixture of CO, CO2, CH4, H2 and water vapor.
The quality of the product obtained by gasification (expressed by the calorific value CV), depends from the type of gasifying agent that is used within the process.
Air is commonly used; sometimes also oxygen or steam are used and more rarely hydrogen.
A gas with low calorific value is obtained by using air or steam / air (4-6 MJ/Nm 3 ), or a gas with a medium calorific value is obtained by using oxygen and steam (12-18 MJ/Nm 3 ). Consequently, hydrogen gives a gas with high calorific value (40 MJ/Nm 3 ). Syngas with a low calorific value is used in the combustion, or as fuel in the engines. In the case of medium/high calorific value, it is used as raw material, with average high calorific value, obtaining chemical products such as methane and methanol [27] .
The syngas has a low or medium calorific value and is used to generate heat and / or electricity by burning it in engines, turbines and boilers.
The gas may undergo a reforming process to produce methanol or hydrogen: in this case it can be used in fuel cells. Biofuels, like the green diesel produced from biomass, through the Fischer-Tropsch Synthesis (FTS), are the most modern transport fuels produced from biomass.
Today, one of the major advantages of gasification technology, is the ability to make available energy in a localized way, through the use of small biomass gasifiers for the production of electrical and thermal energy, to be used in situ. Generally, energy production plants are build on a large scale for a centralized service; a new trend is to produce plants to ensure that the units of energy conversion are available at a short distance from the user. This distributed system for energy production is more efficient and less detrimental to the environment compared to traditional energy systems [28] .
A small gas plant with a small Combined Heat and Power (CHP) group could deliver a short chain for biomass. In this way the use of biomass from surrounding areas produces usable energy in the same area of the plant itself.
To determine which energy conversion process is the most suitable for a particular biomass, it is necessary to perform a preliminary energy characterization and to identify the characteristic properties of the biomass.
The characteristic properties of the biomass greatly influence the performance of a gasifier. The most important properties in terms of energy, are determined through : 
Methods
In order to determine which energy conversion process is the most suitable for a particular biomass, it is necessary to identify the characteristic properties of the biomass.
Sampling was the first phase of this study, where typical biomass from Mediterranean area have been taken, "EN 14778:2011. Solid biofuels: sampling" procedure was followed; to prepare the sample, "EN 14780:2011. Solid biofuels: sample preparation" standard technique was followed.
Ultimate analysis
Leco CHN-2000 machinery, an analyzer of the content of carbon, hydrogen and nitrogen, was used for the ultimate analysis.
All the tests were carried out in accordance to the technical standard "EN 15104:2011.
Solid biofuels: determination of total content of carbon, hydrogen and nitrogen. Instrumental methods."
The test is based on the following principle: a known quantity of sample is burnt in the machine in the presence of oxygen, in this way the sample is transformed into gaseous products resulting from the combustion and ashes (CO2, H2O, N2, NOx). NOx is reduced to N2 and all the products of combustion which are able to interfere with the phase of subsequent analysis are removed. The mass fractions of CO2, H2O and N2 by means of an internal procedure of analysis of the gases are analyzed.
The content of oxygen is not measured by the machine, but is calculated by using some empirical relationships and by subtracting all other compounds from 100% [29, 30] : O = 100 -(C + N + H + S) Data of the content of sulfur were taken from the literature: Roberto Garcia's experience for olive tree, kiwi tree and chestnut tree [31] ; Yao Bin Yang's experience for the other analyzed biomass [32] .
Moisture and ash contents
The characterization of biomass has involved the determination of the moisture and ash content. In order to determine the moisture content, different methodologies can be used [33] . The procedures provided by the following technical standards are taken into account:
- Each sample was subject to the determination of total moisture content, in order to know the actual humidity of the sample at the time of sampling (EN 14774 part 1 and 2).
In order to obtain the mass constancy, the sample is dried in an oven at a temperature of 105 ± 2 ° C. To prevent the loss of the volatile substances, the drying time should, normally, not exceed 24 hours. The total contents of moisture on wet basis Mar and on dry basis Ud are calculated using the formula provided by the technical standards.
Other moisture tests were performed using the sample crushed and sieved to 1 mm during the determination of calorific value and ash content (EN 14774 part 3) . In fact, small particle sizes of biomass are very hygroscopic and their moisture content varies with the change of humidity of the atmosphere and, consequently, the moisture content of the analyses sample should always be determined together with ash content and calorific value.
Then this content is used to correct the values of the ash content and the calorific value.
The analysis sample of biomass is dried at 105 ± 2 °C until constant in mass. Constancy in mass is defined as a change not exceeding 1 mg in mass during a another phase of heating at 105 ± 2 °C during a period of 60 minutes.
We need at least two determinations. The moisture content in the analysis sample Mad shall be calculated using the formula provide by the technical standard.
The procedure described in the technical standard "EN 14775:2009. Solid biofuel: Determination of Ash content" was used to estimate ash content.
The ash content is determined by calculation from the mass of the residue remaining after the sample is heated to a controlled temperature of 550 ± 10 °C.
Two heating levels are provided for the performing test: 250°C for 60 min to allow the volatiles to leave the sample before ignition; 550 ± 10 °C for at least 120 min.
The ash content on dry basis Ad of the sample, expressed as a percentage by mass on a dry basis, can be calculated using the formula provided by the technical standard. The result is expressed as the mean of two determinations.
Calorimetry
Gross calorific value was determined experimentally using a calorimeter Parr 6200 and according to "EN 14918:2009. Solid biofuels: determination of calorific value".
The sample after a partial drying, is crushed and passed through a sieve of 1 mm. This sample (about 1g) is pressed before being placed in the calorimeter. Three tests were performed for each type of biomass: the differences between the results must not exceed 120 J/g for the same sample (EN 14918). The final result is given by the weighted average of the obtained three values.
The following values are given:  Higher calorific value (HCV) on dry basis,  Low Calorific value (LCV) on dry basis (calculated with a formula depending on Hydrogen content, in according to technical standard).
Results and discussion
The results of ultimate analysis from the different types of biomass are shown in Table 1 . In the tables, "WP" stands for "winter pruning" and "SP" stands for "spring pruning". Moreover "B" stands for "branches" , "L" stands for "leaves" , "W" stands for "wheat" and "S" stands for "stem". As expected, the higher percentages of values are from carbon, oxygen and hydrogen. The Carbon content ranges from 39.84% for grain plant (wheat) and 51.14% for hazelnut shells. The Hydrogen content varies between 5.78% of the hazelnut shells and 11.73% of grain plant (wheat and stem). The Nitrogen content ranges between 0.42% for hazelnut shells and 2.76% for horse bean. As expected, particularly high values of N appeared in samples taken under conditions of full vegetation. The Oxygen content has been estimated according to the literature data of sulfur. The Oxygen value varies between 41.11/41.44% for black pine and 50.75/51.08% for grain plant (wheat). The ratio C/N values, useful to determine the most appropriate energy conversion process, varies between 14.89 for clover plant and 121.76 for hazelnut shells. Accordingly, the hazelnut shells are the most suitable among the analyzed biomass for use in gasification processes. The results for moisture and ashes of the different types of biomass are reported in table 2. Mar stands for the moisture content on wet basis and Ud means the moisture content on dry basis. Mar varies between 6.04% for hazelnut shells and 76.74% for horse bean. These results confirm the good attitude of hazelnut shells for gasification processes. Obviously the samples taken in the full vegetation period have particularly high percentages of total moisture; in these cases a preliminary drying step is necessary before sending these samples to a gasifier. The ash content ranges between 1.72% for hazelnut shells and 36.07% for horse bean. 
Conclusions
Various biomass of Mediterranean area were analyzed for this study in order to achieve a database of biomass characteristics. Biomass can be converted into a useful form of energy through different processes, e.g. gasification technology. Among the studied biomass, hazelnut shells are the most suitable to the gasification process. Using of agricultural, agroindustrial and gardening wastes in biomass plant has two advantages: to eliminate a waste and to produce energy. In the future we will continue to analyze other biomass and study the real use in a gasifier of hazelnut shells and other biomass mixtures.
